In a phylogenetic analysis of the tribe Poeciliini, three of four subgenera of Poecilia (i.e., Limia, Pamphorichthys, and Poecilia) are recognized as genera based on the derived features of the gonopodium and its suspensorium. Based on the Hollister-foramen and a keel on the subdistal ventral side of ray 5 of the gonopodium, Limia, Pamphorichthys, and Poecilia comprise a monophyletic group. Xiphophorus is the sister taxon of the clade (Pamphorichthys, Poecilia, Limia). Neither Alfaro nor Priapella is known to share derived characters with the clade Xiphophorus (Limia, Pamphorichthys, and Poecilia). Falsification of the hypothesis of Priapella and Xiphophorus as sister taxa is discussed.
pella as sister taxa. Rosen (1979) criticized his own earlier work because the characters used to define the tribe were not synapomorphies. He maintained that Priapella and Xiphophorus are sister taxa, based on a calcified bladelike structure of ray 3 of the gonopodium, and assumed that the more primitive condition of the character occurs in Priapella. He indicated that, "although the relationship between Priapella and Xiphophorus is supported, their inclusion together with Alfaro and Poecilia in a tribe (Poeciliini) is not" (Rosen, 1979:332).
Thirty-two years after Rivas' (1965) challenge to Rosen and Bailey's (1963) hypothesis, there is still no consensus regarding why a given species should belong to the genus Poecilia and whether one should separate or include the subgenera recognized by Rosen and Bailey (1963) within the genus. Miller (1975) described two new species of Poecilia and proposed Mollienesia as a subgenus; however, he did not explain the reason his two species were placed in Poecilia. Franz and Burgess (1983) , in their description of Limia rivasi also did not give consistent reasons for placing the new species in the genus Limia. Similarly, the most recent species description in the genus, Poecilia teresae (Greenfield, 1990) , does not specify the derived characters used to place the new species in Poecilia. To date, no one has investigated in detail the monophyly and relationships within each subgroup of Poecilia. This paper presents an estimate of the cladistic relationships among genera of the tribe Poeciliini. Three characters not previously utilized in phylogenetic analyses of poeciliins are proposed as homologies. They provide the first shared derived characters for a group that includes Pamphorichthys, Poecilia, and Limia.
MATERIALS AND METHODS
Anatomical examination was based on specimens preserved in alcohol, radiographs, and cleared-and-stained specimens prepared according to the method of Dingerkus and Uhler (1977) . Cephalic pores (Fig. 1) were analyzed using the method of Gosline (1949) . The supraorbital formula corresponds to pores 1-2a + 2b-4a + 4b-6a + 6b-7 and is mentioned in the text as 0 + 0 + 0 + 0 to 2 + 3 + 2 + 2. The pores were counted only when completely mature, and open grooves are not considered as pores or a set of pores.
Preparation of jaws for scanning electron microscopy (SEM) of teeth follows the procedure of Linquist and Dillaman (1986). SEM samples were observed using a Digital Scanning Micro- Cladistic analysis.-Using the Hennig-86 algorithm, two most-parsimonious trees were found, and a Nelson consensus tree (= strict concensus tree in this case) with a length of 31, a CI = 87, and a RI = 75 was generated for relationships within the Poeciliini (Fig. 3) . Cladograms are based on 27 derived features (character numbers corresponding to Appendix 1), 15 of them autapomorphies defining genera as monphyletic groups and 12 synapomorphies (in the data matrix of Appendix 2) for the phylogeny within the tribe. The topology of the cladograms and the interpretation of character transformations are shown in Figure 3A -C. In all cladograms, Xiphophorus is the sister group of a clade including Poecilia plus Limia plus Pamphorichthys. Although the bootstrap value of the group including this four genera is low (64%), it is high (96%) for the clade Poecilia, Limia, and Pamphorichthys.
Anatomical homologies of subgroups within the Poeciliini.-Characters (Appendixes 1-2) that discriminate subgroups within the Poeciliini were discovered in the gonopodial suspensorium, gonopodium, pelvic fins, pleural ribs, and dentition. With the exception of Tomeurus, all members of the Poeciliinae have modifications to the anterior caudal vertebrae of males that function in support of the gonopodium. Through an ontogenetic process involving histolysis and migration, the first hemal spine becomes a detached bone called the ligastyle. The next two or three hemal spines remain attached to the vertebrae but become thickened, except in Cnesterodon de- cemmaculatus where they are thin or absent (pers. obs.) and reoriented during ontogeny so that they come into close contact with the gonactinosts (Fig. 4) . In most Poeciliinae, the number of modified hemal spines or gonapophyses L .
. is three or more (e.g., in Alfaro cultratus, Xiphophorus nigrensis, and Priapella compressa; Fig.  4C -E). The number is reduced to two gonapophyses in Limia, Poecilia, and Pamphorichthys ( Fig.  4A-B) , and this reduction in number is interpreted as the derived state (character 9). Pamphorichthys is unique among poeciliids in having the first gonapophysis reduced to a brace for the second gonapophysis (Fig. 4B) , and this condition is interpreted as derived (character 25). In Pamphorichthys, Poecilia, and Limia, the distal tip of the first or second gonapophysis is perforated by a foramen (Fig. 4A-B ) through which are inserted the tips of two or three gonactinosts. Such a foramen does not occur in the gonapophyses of any other Poeciliinae, and it can therefore be interpreted as apomorphic (character 7). This striking character was first reported by Hollister (1940) on whose behalf I designate it Hollister's foramen, but it seems to have been overlooked by subsequent workers. In several species of Gambusia, a fossa or depression occurs in the same position, and the tips of the gonactinosts come into close contact with it. In Xenodexia, the gonapophysis is forked at its distal end and partially surrounds the tips of the gonactinosts. It is interpreted as a superficially similar shape that stays as a forked anterior part of the second gonapophyses and never closes as a real foramen. This condition was not found in the first gonapophysis.
In most Poeciliinae, the gonapophyses are bent anteriorly at an acute angle relative to the axis of the vertebral column (Fig. 4A-B faro and Xiphophorus, they are set perpendicular (or nearly so) to the vertebral column (Fig. 4C-D) , and this state is judged to be derived (character 11). Although Rosen and Bailey (1963) reported perpendicular gonapophyses in Priapella, I found them to be at an acute angle (Fig. 4E) in the same specimens that they examined.
A wide groove, almost equal to the depth of the gonopodium at the level of the proximal serrae of ray 4p, on the dorsal part of ray 5 of the gonopodium occurring in Xiphophorus, Pamphorichthys, Poecilia, and Limia is interpreted as a synapomorphy (character 2) for the four genera. The groove occurs in most genera of Poeciliini but never is as wide as it is in these four genera.
In Pamphorichthys, Poecilia, and Limia, the subdistal segments of ray 5 of the gonopodium are projected toward ray 4p forming a keel (Fig.  5D-G Fig. 5E ) in the tip of branch 5p of the gonopodium of Poecilia, has been interpreted as an autapomorphy of Poecilia because it does not occur in any other genera within Poeciliinae. Rosen and Bailey (1963:47) mistakenly referred to the hook (claw) in Poecilia "usually with a small retrorse claw at tip of ray 5a..." A hook occurs in ray 5a, but never in 5p, of the gonopodium in Gambusia, Cnesterodon, and Xiphophorus (see Fig. 5B ). Based on phylogenetic analyses available, the hook on ray 5a is a homoplasy among these genera (character 23) because they are not each other's closest relatives. This character state is interpreted as derived for Xiphophorus within the tribe Poeciliini.
In Limia, ray 5a of the gonopodium bends abruptly toward ray 4p (Fig. 5F ); this condition is interpreted as an autapomorphy (character 15). Also, the distal segments of ray 5a extend for 10-15 segments behind the last segment of ray 5p, and this also is an autapomorphy (character 16).
In Limia and Pamphorichthys, segments distal to the serrae of ray 4p of the gonopodium are taller than long and are interpreted as a synapomorphy (character 12) for those genera. In Limia, ray 3 of the pelvic fin expands distally and all branches end at the same length. This is interpreted as an autapomorphy for the genus (character 13; Fig. 6D ). Another autapoiophorus, ray morphy of Limia is that the tip of ray 2 of the es of serrae, es of serra, pelvic fin in the male is bulbous, more curved mrated from . a; the distal inward and larger than in other genera (char-'morphy for acter 18).
Imorphy for
In Xiphophorus, Poecilia, and Limia, the outer and Limia, row of teeth in both jaws is compressed (chara fleshy ap-acter 4). Even though a compressed outer row palp is in-of teeth occurs in several genera within Poecioecilia Pam-liinae (but with variation in shape), this chartapomorphy acter is interpreted as derived for these three onopodium genera and secondarily derived for Pamphoranous hook ichthys, in which the teeth are subcylindrical and ) that is in-pointed (character 24; Fig. 7H ). The inner row o genera.
of teeth compressed in both jaws is a share deray 3 of the rived character (character 5) for Poecilia, Pamer 14), and phorichthys, and Limia. (Fig. 4C) ; (2) a fleshy appendage or palp in the subdistal ventral part of ray 3 of the gonopodium, supported by a welldeveloped eccentric groove (Fig. 5C) ; (3) subdistal and distal segments of ray 4p completely smooth, without serrae (Fig. 5C ).
Description.-Four to 6 (mode 5) mandibular pores, 4 preorbital pores, 7-8 preopercular pores, and 2 (6b-7) supraorbital pores (0 + 0 + 0 + 2); parietal bones large; three rows of conical teeth in both jaws, all with the same shape, the middle row smaller than the inner and outer rows (Fig. 7A-B) ; pleural ribs 4-9, slightly modified at the tip but never curved abruptly to the anterior. Three slightly modified gonapophyses, almost perpendicular to the axis of the vertebrae, sometimes slightly curved forward in the tip. Gonapophyses without uncini (Fig. 4C) . The ligastyle, a narrow bone between the first gonactinosts and the last precaudal vertebrae, is small or absent. Pelvic fin more elongate in males than in females but without modification of rays (Fig. 6A) . Gonopodium bilaterally symmetrical, without serrae in rays. Hy- Diagnosis.-Limia is diagnosed by the following derived characters: (1) ray 5a of the gonopodium with 10-15 segments further behind the branch 5p; (2) subdistal and distal segments of ray 3 of the gonopodium smooth (Fig. 5F) ; (3) ray 5 of the gonopodium bending abruptly into ray 4; (4) more than 14 segments distal to ray 4p serrae of the gonopodium; (5) pelvic fin in male with the tip of ray 2 bulbous, curved medially, and extending beyond other rays; and (6) ray 3 of the pelvic fin expanded distally with several branches (Fig. 6D) .
Description.-Parietal bones always absent. Outer row of teeth compressed, spatulated and elongated, or incisor-like and unicuspid in both jaws; inner row compressed or subcylindrical; tricuspid in all species in the subgenus Limia, unicuspid or tricuspid in subgenus Odontolimia (Fig.  7E-G,L-O) . Posterior pleural ribs usually not modified at the tip but may have a tiny modification (slight curvature at the tip); neither curved abruptly nor expanded laterally. Two well-defined gonapophyses, the first one with a Hollister-foramen for the insertion of gonactinosts 6-7 or 6-8 (Fig. 4A) (Fig. 4A) . Gonopodium short; ray 3 with a subdistal palp and a membranous hook projecting downward in its tip. This hook is also associated with ray 4a. Ray 4p with subdistal serrae and the distal segments deeper than long; distal segments of ray 4p arc downward toward ray 4a; ray 5 of the gonopodium with a wide dorsal canal formed by the two branches of the ray; branch 5a with a keel formed by the transformation of the ventral surface of subdistal segments (= subdistal segments with a prolongation downward, toward ray 4p serrae); no hook in the tip of ray 5p. Hypural plate fused to the urostyle, with or without a hole (foramen) in the axis of the plate (Fig. 8A) . The subgenus Limia can be recognized because the teeth in the inner row are tricuspid and compressed in both jaws and usually in more than one row (Fig. 7M-N) . Even though this character is useful and interpreted as derived, this kind of teeth occur also in five species of Poecilia (see Miller, 1975) . The subgenus Acropoecilia is a junior synonym of Limia.
The subgenus Odontolimia can be recognized by the following uniquely derived characters: (1) outer row teeth in both jaws incisor-like (Fig. 7F-G) ; and (2) inner row teeth subcylindrical, either unicuspid or tricuspid, and in only one row (Fig. 7M-N) .
In his diagnosis of Odontolimia, Rivas (1980) described the outer row teeth in both jaws as usually conical (except for Limia grossidens, with incisor-like teeth). I found that all species in this subgenus have the same incisor-like teeth (Fig.  7F-G 
Costa (1991) recognized Pamphorichthys as a genus, based on the following five apomorphies:
(1) second ray of the pelvic fin separated from ray 3-5 by a big gap (Fig. 6E) ; (2) second ray of pelvic fin in males with lateral bony process in subdistal segments (Fig. 6E) ; (3) gonapophyses almost parallel to vertebral column (Fig. 4B) ; (4) absence of gonactinost 8-9; and (5) a brown line zig-zaging along each side of the body, from pectoral-fin base to caudal fin base. Costa (1991) found that topotypes of Poecilia scalpridens shared all synapomorphies with Pamphorichthys and none with Rosen and Bailey's (1963) former subgenus Lebistes. Because P scalpridens is the type species of Pamphoria, Pamphoria is considered by Costa to be a subjective synonym of Pamphorichthys (Costa, 1991:40). Costa (1991) also stated that, because P hollandi is the type species of Parapoecilia Hubbs, Parapoecilia becomes a junior synonym of Pamphorichthys.
Diagnosis.-Pamphorichthys can be diagnosed by the following derived characters: (1) outer row teeth subcylindrical and pointed (Fig. 7H) ; (2) first gonapophysis reduced to a brace for the second gonapophysis (Fig. 4B) ; (3) ray two of the pelvic fin with a distal triangular shape, comblike, formed by spiny bony processes of the segments of the ray and covered by a fleshy membrane (Fig. 6E) ; and (4) serrae in ray 4p of the gonopodium and distal segments to the serrae taller than long (Fig. 5G ). An additional apomorphy may be a fleshy appendage in ray 2 of the pelvic fin (Fig. 6E) , seen in every specimen examined during this study. Costa (1991) drew this structure in his figure 4a but made no reference to it.
Description.-Parietal bones absent. The inner row of teeth compressed in both jaws. Posterior pleural ribs not modified at the distal tip. Ligastyle absent. The second gonapophysis is almost parallel to the axis of the vertebrae (Fig.  4B) with Hollister-foramen present to support gonactinosts 6-7. Ray 5p with no hook in the tip. Ray 5 of the gonopodium with a wide dorsal canal formed by the two branches of the ray; branch 5a with the keel like in Limia. Hypural plate fused with the urostyle, usually without a foramen in the axis of the plate (Fig. 8D ). Within the genus Poecilia, Regan (1913) recognized only four species, P. parae, P picta, and P branneri, which are in Lebistes, sensu Rosen and Bailey (1963), and P vivipara, the type species of Poecilia. The other species that are currently referred to Poecilia were placed in the genus Mollienesia.
Diagnosis.-Poecilia can be diagnosed by the following derived characters: (1) subdistal spines of ray 3 of the gonopodium curved forward (Fig. 5D, E) ; and (2) ray 5p with a hook curved forward (Fig. 5E ).
Description.-Parietal bones very small or absent. None or 2, modally 2 mandibular pores. Outer row jaw teeth compressed, unicuspid and spatulated (Fig. 7I-J) ; inner row compressed to subconical mostly unicuspid except five species with tricuspid teeth in both jaws (Fig. 7Q-U) . Posterior pleural ribs slightly modified or not modified at all in adult males. Ligastyle small or absent. Two well-defined gonapophyses, as in Limia (Fig. 4A) ; the first one with a Hollisterforamen for the insertion of the distal parts of the gonactinosts 6-7 or 6-8. Gonapophyses angled forward from 135? to 180? (as in Fig.4A-B) . Ray 5 of the gonopodium with a wide dorsal canal formed by the two branches of the ray; branch 5a with a keel formed by the transformation of the ventral surface of the subdistal segments. Pelvic fin in male longer than in female with the first three rays modified; ray 1 thick; ray 2 very elongate, sometimes with a fleshy digitation. A series of serrae in the sub-distal part of ray 4p; distal segments longer than tall. Hypural plates fused at the base to the urostyle but unfused along the axis of the hypural plate (Fig. 8E) .
Bloch and Schneider (1801:452 pl.86) did not refer to the modification of the anal fin in males in their description of P vivipara because their description was based on a female. There also is a problem with the description and drawing because they described and drew a forked caudal fin in a female of P vivipara. If this is not an artifact of the specimen, then their description does not correspond to Poecilia.
I do not see any evidence that warrants recognizing Lebistes as a subgenus. Poecilia reticulatus is the only species in Lebistes, sensu Rosen and Bailey (1963), with a hook in ray 5p. Lebistes was treated as a genus by Regan (1913) because of the presence of a hook on ray 5p and the absence of a hook in ray 3. Several other species within Poecilia lack either the hook in ray 3 or in ray 5p or both (e.g., P. vivipara).
Miller ( Diagnosis.-Priapella can be diagnosed by the following derived characters: (1) ray 3 of the gonopodium with the most distal segment modified into a forward-curved bony hook, and a long membranous segment posterior to the ray joining with the last segments of ray 4a; the membranous segment becomes flat at the juncture (Fig. 5A) ; and (2) ray 4a of gonopodium with 10-13 distal segments far behind the tip of ray 4p.
Description.-Parietal bones large. Four to 6 mandibular pores, 4 preorbital, 7 to 8 preopercular and 2 (6b-7) supraorbital (formula 0 + 0 + 0 + 2). Three rows of conical teeth in both jaws, curved inward; middle row smaller than peripherals (Fig. 7C-D) . Posterior pleural ribs 8-13 abruptly curved forward and expanded internally in adult males. Ligastyle long, wider in the proximal part than in the distal part. Proximal part forked. Three to four well-defined gonapophyses without any evidence of foramen in the distal part of the first or second one (Fig.  4E) . The gonapophyses are inclined at an angle of 120-135?. Hypural plate fused to the urostyle with a foramen running horizontally from the urostyle and occupying one-third to one-half of the plate axis (Fig. 8F) . Ray 3 with subdistal segments simple, not symmetrically double, with ventral projections perpendicular to each segment. The distal segment modified as a very thin hook directed forward, posterior to this is a membranous or cartilaginous hooklike structure which is expanded distally at the level where it joins the distal segments of ray 4a. Ray 4p with 5-13 serrae and 4-6 segments distal to the serrae. Dorsal surface of ray 5 almost flat. Diagnosis.-Xiphophorus can be diagnosed by the following derived characters: (1) gonapophyses almost perpendicular to the vertebrae (Fig. 4D) ; (2) ray 3 of the gonopodium with a large decurved hook distally and an ossified bladelike structure (the blade of Rosen, 1979) on the dorsal margin of the decurved hook (Fig. 5B) ; (3) distal segments of ray 4a curving downward, conforming to the shape of the bladelike structure; (4) ray 4p with two series of distal serrae, separated just at the level of the hook of ray 5a by undifferentiated segments; (5) distal segments of ray 5a turning down abruptly so that the hook contacts the undifferentiated segments of ray 4p.
Description.-Parietal bones large and simple or divided in two or three pieces. Zero (open groove) or 2 mandibular pores, 2-4 preorbital pores, 3-8 (modally 7) preopecular pores, 2-10 supraorbital pores (formulae 0 + 0 + 0 + 2, 2 + 0 + 0 + 2,2 + 0 + 2 + 2,2 + 3 + 0 + 2, and 2 + 3 + 3 + 2). Outer row jaw teeth unicuspid, compressed and spatulated; inner row subconical (Fig. 7K,V) . Posterior pleural ribs not modified in male. Ligastyle large, elongated, without lateral projections. Three or more slightly defined gonapophyses (Fig. 4D) . Gonapophyses almost vertical, perpendicular to vertebrae axes or inclined forward at an angle of no more than 120?. Lack of uncini in the first two gonapophyses. Subdistal segments of ray 3 with a series of simple, bilaterally symmetrical spines, primarily directed anteriorly, but secondarily directed posteriorly. Hypural plate fused to the urostyle and with a foramen running horizontally from the urostyle and occupying one-third to one-half of the axis of the plate (Fig. 8C ). (1979) is based on a misinterpretation of a putative homology: the bladelike structure at the tip of ray 3 in Xiphophorus was hypothesized to be homologous to the structure in the tip of ray 3 in Priapella. A careful analysis suggests that the structures in the two genera are superficially similar but are not homologous. The bladelike stucture is no more similar between Xiphophorus and Priapella than it is to the small structure on the tip of ray 3 in Priapichthys dariensis, P chocoensis, and Quintana atrizona. In Xiphophorus, the bladelike structure is ossified, whereas in Priapella it is membranous or cartilaginous. In Xiphophorus, the bladelike structure resembles a knife blade and is situated over the hook at the tip of ray 3 as a single piece; in Priapella the last segment of ray 3 and the blade are separate.
Rosen and Bailey (1963) and Rosen (1979) suggested that the angle of inclination of the gonapophyses in Priapella (120-135?) supported a close relationship with Xiphophorus. However, this character is shared with all genera of Poeciliinae except Xiphophorus and Alfaro, where the inclination is almost perpendicular to the axis of the vertebrae. In the suspensorium of the gonopodium, characterizing the ligastyle as large is another superficial similarity between Xiphophorus and Priapella; the two structures have different shapes. The shape of the ligastyle is more important than the size (Rodriguez, unpubl.). In Xiphophorus, the ligastyle is elongate without lateral expansion and is neither forked nor has a small inferior notch. In Priapella, the ligastyle is long but bifurcated and wide basally (in anterior or posterior view).
Neither Costa (1991) proposed that Priapella, but not Alfaro, is included within a monophyletic group including Poecilia, Limia, Xiphophorus, Cnesterodon, Phalloceros, Phallotorynus, Phallopthychus, Priapichthys, Poecilopsis, and Priapella. His hypothesis is based on the following osteological characters: (1) premaxillary ascending process reduced; (2) fifth ceratobranchial large with the teeth uniformly distributed; (3) pharyngobranchial tooth plates 3-4 fused forming an elongate structure with uniformly distributed teeth.
Limia, Pamphorichthys, and Poecilia are recognized herein as genera, not as subgenera of Poecilia, because of uniquely derived characters shared by species in each genus. These three genera share four derived characters: (1) a fleshy appendage or palp on the subdistal ventral part of ray 3 of the gonopodium; (2) the Hollister-foramen in the distal part of the first or second gonapophysis; (3) a keel on the antero-ventral surface of ray 5 of the gonopodium; and (4) two well-defined gonapophyses. The presence of a palp is a homoplasy of Alfaro and the clade (Pamphorichthys, Poecilia, Limia; Fig. 3) .
Xiphophorus, the sister taxon of the clade (Pamphorichthys, Poecilia, Limia), shares with it four derived characters: (1) presence of a wide groove along the dorsal surface of ray 5; (2) very large pelvic fin in the male (ray 2 very elongate), usually as long or longer than the gonopodium and also thick along the subdistal outer edge or in the tip); (3) outer row of teeth compressed antero-laterally and very delicate; and (4) inner row of teeth subconical to compressed (Fig. 3) .
In their dicussion of the gonopodial suspenso- 
